The molecular epidemiology of nosocomial outbreaks of Enterobacter cloacae has been well documented in recent years (1, 4, 6, 7) . This is, however, not the case in developing countries, where nosocomial infections are a growing problem (9) . The discriminatory power of phenotypic typing techniques is not adequate for the epidemiological analysis of Enterobacter outbreaks (1, 2, 5) , thus increasing the difficulties of performing epidemiological studies in developing countries, where limited resources prevent the extensive use of costly molecular techniques.
In this study, an outbreak of necrotizing enterocolitis in the neonatal intensive care unit (ICU) of a provincial hospital in Gauteng, South Africa, which occurred during September and October 1996 was investigated. At the start of the investigation, nine deaths had already occurred. The organism implicated in the outbreak was E. cloacae. The primary purpose of the investigation was to elucidate the source of the organism and its possible mode of transmission so as to implement appropriate infection control measures to prevent further loss of lives. Macrorestriction analysis was used to determine the genetic relatedness of strains and to describe the molecular epidemiology of the outbreak.
A cursory investigation of the conditions and facilities available showed obvious breaches in infection control procedures. These were probably due to a shortage of hospital staff, equipment, and isolation facilities. Basic infection control practices, such as use of alcohol hand-rubs between instances of contact with patients, were not applied. Furthermore, predetermined aliquots of Vamin amino acid cocktail were drawn from a stock bottle into a syringe and injected as an additive to the infusates that were being administered. The stock solution was visibly turbid.
The following specimens were collected: (i) surface swabs from incubators, mattresses, and taps; (ii) samples of all in-use solutions and infusates; (iii) samples of sealed infusates and solutions from the same batch as those in use; (iv) samples of soaps and detergents; (v) hand impression plates from all staff members; (vi) rectal swabs from patients and staff. Columbia agar plates (Oxoid, Basingstoke, Hampshire, United Kingdom) with 5% horse blood were used for hand impression plates and for plating out surface swabs. All solutions were cultured with the BacT/Alert blood culture system (Organon Teknika Corporation, Durham, N.C.). Soaps and detergents were cultured in brain heart infusion broth (Oxoid).
A large variety of organisms was isolated, but attention was focused on isolates of E. cloacae (Table 1 ). E. cloacae was isolated from the in-use Vamin amino acid cocktail solution stock bottle. A culture of the contents of a sealed bottle from the same batch revealed no organisms, suggesting that the contamination was extrinsic. In view of the fact that E. cloacae was isolated from four in-use infusates, it was essential to exclude intrinsic contamination of solutions bearing the same batch number. These proved to be sterile, confirming that E. cloacae was introduced into the four bags. Three isolates of E. cloacae were found on hand plates from members of the nursing staff. A single isolate of E. cloacae was obtained from a rectal swab taken from a patient.
E. cloacae was isolated from three blood cultures, six environmental samples, three hand impression plates, and one rectal swab by conventional microbiological identification techniques and the API system (bioMérieux S.A., Marcy l'Etoile, France). Five American Type Culture Collection (ATCC) strains of E. cloacae were used as controls. Table 1 shows a list of isolates and strains tested and the sources from which they were obtained. Antibiotic susceptibilities of the isolates were determined by the Kirby-Bauer disk diffusion technique in accordance with National Committee for Clinical Laboratory Standards standards; resistance patterns are shown in Table 1 .
DNA for pulsed-field gel electrophoresis (PFGE) analysis was isolated within agarose blocks to prevent shearing of DNA as described previously (3). Restriction digests using XbaI and NotI (Amersham, Little Chalfont, United Kingdom) (8) were conducted within agarose blocks for 5 h at 37°C in 2 volumes of reaction buffer (provided by the manufacturer) containing a final enzyme concentration of 0.5 U/l. PFGE was carried out immediately on a Chef DRII system (Bio-Rad, Hercules, Calif.) in GTBE running buffer (45 mM Tris-borate, pH 8.0; 1 mM EDTA; 0.1 M glycine). XbaI digests were run for 20 h at 6 V/cm with pulse times ramped linearly from 5 to 50 s. NotI digests were run for 16 h at 6 V/cm with pulse times ramped linearly from 0.5 to 5 s.
PFGE results for the 13 isolates collected during the investigation and the 5 ATCC reference strains ( Fig. 1 and Fig. 2) show convincing genetic relatedness between the organisms isolated from the blood of patients and those isolated from other sources (except isolates 9, 10, and 12). Each isolate was assigned a genotype (A through I) based on the patterns obtained by PFGE analysis (Table 1) . Antibiograms and API profiles of the isolates were considerably less discriminatory than molecular techniques. This is consistent with the findings of other investigators (4, 10) . It is unclear whether contamination of the nebulizer bottle of patient 2 played a role in the infection of the patient. The results, however, do indicate prevalence of this particular strain of E. cloacae within the neonatal ICU.
Two of the isolates of E. cloacae from hand impression plates of staff members were not of the same strain as those from the blood cultures. However, the presence of these and other pathogenic organisms on the hands of staff members who are in constant contact with patients is worrying. According to the charts of patients who died, Vamin amino acid cocktail solution was administered to patients who were already seriously ill. Because the solution was contaminated with the same strain as that found in the blood cultures of patients, the condition of the patients was probably aggravated, resulting in death. Thus, the administration of Vamin amino acid cocktail seems to have played a significant role in the development of necrotizing enterocolitis and the subsequent high death rate of infants.
The outbreak was controlled by retrieving all solutions suspected of contamination; reviewing with ward staff all infection control procedures, with particular emphasis on handwashing; and discouraging the use of stock solutions. A total breakdown of infection control procedures evidently had led to an outbreak of catastrophic dimensions. By providing comprehensive feedback from the investigation and using the molecular epi- demiology of the outbreak as an educational tool, we were able to underscore the importance of maintaining basic infection control procedures at all times in the hospital in spite of a shortage of staff, funding, and equipment. If such measures are not implemented, the direct and indirect consequences of nosocomial infection are immeasurable.
